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It Is estimated that more than half of the world*s population Is 
suffering from dietary protein shortages. This has challenged many 
researchers to endeavor for higher production of proteln-rlch foods 
while at the same time trying to elucidate many complexities of protein 
nutrition in the laboratories. Since animals have the ability to "up­
grade" proteins, many attempts have been directed toward feeding low-
quality proteins to farm animals and allowing the animal to convert the 
poor quality feed to a good quality animal protein food. To Improve 
this conversion efficiency, research has been directed in three general 
areas : 
First, there have been attempts in improving production of present­
ly known protein feed Ingredients while striving for better quality of 
these proteins before they get to the animal. This has been accomplished 
through our present knowledge in the areas of nutrition, genetics, 
management, disease control, marketing, etc. 
Secondly, efforts have been made in Improving the protein conversion 
efficiency of the animal by applying basic nutrition knowledge in 
formulating rations. Generally, this has been accomplished by one or a 
combination of the following; raising the level of protein in feed, in­
clusion of different protein sources, or supplementing the rations with 
limiting crystalline amino acids. In the past decade, the field of nu­
trient interaction has also promised a new era of better protein utiliza­
tion. One of these established interrelationships involves vitamin B6. 
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The exact role of this vitamin in protein metabolism is not well under­
stood but is attributed to many of its known functions as a coenzyme 
in transamination, deamination, reamination, and decarboxylation reactions. 
Thirdly, introduction of new protein sources in food or feed has 
made research in this area more challenging. Recently, there have been 
many attempts to make use of ingredients in a ration which otherwise 
have little or no economical significance (i.e. feather meal, animal hair, 
chicken manure, etc.). The substitution of poorer and non-utilizable 
proteins in the rations of farm animals spare the good proteins and 
channel them into other usages. For example, in 1967 urea fed to live­
stock approached 127 thousand metric tons, a quantity equivalent to ap­
proximately 813 thousand tons of soy meal, which subsequently became 
available for other usages. 
Non-protein nitrogen (NPN) is known to be an effective source of 
nitrogen for protein synthesis for ruminants in which the rumen bacteria 
convert the nitrogen to protein. However, there Is not a great deal of 
information available on utilization of NPN and factors that might affect 
its better utilization in poultry. 
Five experiments were conducted to determine the effectiveness of 
NPN for poultry. In the first two experiments, influence of vitamin 
on diammonium citrate (DAC) utilization in a purified ration was investi­
gated. In the third experiment, urea and DAC were supplemented at 2 and 
4% protein equivalent to a 10.147. protein ration and results were compared 
with those from hens fed a soybean control diet. Levels of critical 
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amino acids lysine, methionine, cystine, arglnlne, tryptophan, glycine 
were equalized and all met the NRC (1966) requirements. In the fourth 
experiment, similar experimental treatments were employed but no attempt 
was made to equalize the amino acid levels. Finally, in the last study, 
influence of high levels of urea, DÀC, or soymeal on nitrogen retention 
and fecal components of laying hens was studied. 
4 
REVIEW OF LITERATURE 
Vitamin Bg and Protein Metabolism 
Vitamin B5 as a coenzyme is involved in protein metabolism, it 
participates in transamination, deaminatlon, reamlnation, decarboxylation, 
and racemizatlon. There are many hypotheses, however, to explain the 
significance of each one of the above functions and also the mode of 
action of the vitamin in amino acid absorption. 
Several reports have appeared In the literature concerning differ­
ent aspects of vitamin Bg and protein metabolism. Vitamin Bg is Involved 
in oxidative deaminatlon of the D-amlno acids with subsequent reamlna­
tion of the keto acids to the L-lsomers (Berg, 1959, pp. 57-96; Braun-
steln and Azarh, 1957). In transamination, it presumably acts as a 
carrier for the amino group through the formation of a Schlff*s base 
between pyrldoxal phosphate and the amino acid (Schlenk and Snell, 1945; 
Lichenatein etal., 1945). In the presence of pyrldoxine, reamlnation of 
the D-isomers is enhanced. 
Many functions of vitamin B^  In protein metabolism are not yet 
clearly defined. Sauberllch (1961) proposed that when an amino acid is 
limiting, added amounts of vitamin B5 In the diet may have a "sparing 
effect" by allowing more incorporation of the limiting amino acid into 
protein and growth instead of being channeled into oxidative pathways. 
Moreover, high levels of vitamin Bg in the diet could enhance conversion 
of the D-lsomers of certain amino acids to the natural L-form and, thus, 
Improve growth and feed efficiency as was confirmed by the work of 
5 
Braunsteln and Azazh (1957). 
Chrlstensen (1962, 1963) presented evidence for the participation 
of vitamin Bg in the cellular uptake of the amino acids. He proposed 
that vitamin deficiency reduces cellular uptake of amino acids, but 
the reactions involved are unknown. In a high or adequate vitamin Bg 
ration, cellular uptake, including intestinal absorption, was improved. 
Aketo et al. (1960) reported that the rate of disappearance of L-
isomers of amino acids from the intestinal lumen was increased, while 
that of D-isomers was unaffected after injecting vitamin B^  in rats. 
This suggests that vitamin Bg is involved in the selective absorption 
of L-amino acids from the small intestine in this species. 
Both quality and quantity of proteins in a ration seem to play an 
important role in determining the need of the animal for vitamin Eg. 
Cercedo et (1948) noted better resistance to vitamin Bg deficiency 
symptoms when rats were fed a low-protein diet. In a 157. protein, 
purified casein diet with no pyridoxine, survival time averaged more 
than 100 days, and skin lesions appeared only after about 90 days. When 
0.31% DL-methionine was added to the diet, skin lesions appeared after 
17 days, and average survival time was 41 days. 
Kirchgessner and Frienecke (1963) concluded that, as in the rat, 
vitamin Bg requirement in the growing cockerel is related to protein 
intake, and that, as in the pig, there is a range of sub-optimal Intake 
in which the deficiency signs do not appear, but weight gain and nitrogen 
deposition are affected. When day-old White Leghorns were fed diets 
containing 18.7% protein and 2 ppm of vitamin Bg, signs of deficiency 
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were observed, but no deaths occurred. When a diet containing 22 or 
28% protein and 2 ppm of vitamin Bg was fed, mortality was over 60%, 
When these diets contained 2.6 ppm of vitamin no mortality occurred. 
Similar findings have been reported with mice (Miller and Baumann, 
1945 ; Haxrfcins ^  , 1959 ). 
Anderson ^  "(1949) studied the effect of high levels of in­
dividual amino acids on growth of chicks fed low«vltamin Bg diets and 
diets containing adequate amounts of the vitamin. Growth was depressed 
by the addition of certain amino acids to a low-vitamin Bg diet and was 
increased by supplementation of the amino acids to a vitamin Bg-
adequate diet. 
Williams (1962) studied the effect of non-essential amino acid 
composition of the diet on growth of rats fed a limited amount of vitamin 
Bg. It was postulated that growth of rats fed a diet supplemented with 
a single non-essential amino acid, together with a limited amount of 
vitamin Bg, would be less than that observed in rats fed an isonitro-
genous diet containing a mixture of non-essential amino acids. Went-
worth £t (1963) reported that vitamin Bg requirement of the rat was 
affected by the presence or absence of preformed non-essential amino 
acids in the diet. The rats grew better when fed a diet containing 
ten essential amino acids plus eleven non-essential amino acids compared 
with an isonitrogenous ration with ten essential amino acids plus cystine 
and tyrosine. When the diets were supplemented with vitamin Bg, growth 
and feed efficiency were better when more of the non-essential amino 
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acids were present. 
Kazeml and Daghlr (1971) studied the value of high-vitamin 
(6 ppm) in a methionine deficient chick diet. Vitamin Bg at 6 ppm 
could not spare methionine when this amino acid was severely deficient 
in a purified soybean-dextrose diet. However, high-vitamin B^  re­
sulted in better growth and feed efficiency in a partially methionine 
deficient ration. 
Non-protein Nitrogen for Young Chicks 
Among the first reported studies on the utilization of non-protein 
nitrogen by chicks are those of Ackerson et al. (1940), They found 
that the addition of urea to supply 13% of the dietary nitrogen did 
not produce any beneficial effect in growing chicks. Heller and Penquite 
(1941) confirmed the previous findings by feeding a diet with 2.5% urea 
to day-old chicks. Growth performance was compared with that of chicks 
fed a diet containing 10% casein and with another group of chicks fed 
the basal ration which contained meat scrap as the main protein source. 
All rations were apparently isonitrogenous, but the authors failed to 
report the protein level, the feed intake, or any other nutritional 
parameter. They postulated that, because of the short digestive tract and 
lack of bacterial action, urea is not synthesized into protein in chicks. 
Bice and Dean (1942) confirmed the previous findings using rations 
in which urea displaced the protein supplement on a nitrogen basis at 
the following levels; one-third (0.91% urea), two-thirds (1.64% urea) and 
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all (2,24% urea). The crude protein of these rations varied from 
16,3% to 16.8%, Control rations containing 11,0% and 17,5% protein 
were also included. Chicks grown on the test rations showed a definite 
protein starvation syndrome characterized by retarded growth. 
Marshall and Davis (1946) observed that chicks fed a 15,5% crude 
protein diet gained an average of 776 g, in 12 weeks compared with 746 g, 
of gain by chicks fed an isonitrogenous ration with 23,7% of dried skim 
milk. This finding was significant since shark meal in the basal ration 
contributed urea and other NFN compounds in amounts equivalent to 8,19% 
of crude protein, 
Slinger ^  (1952) postulated that an increased utilization of 
urea might occur when antibiotics are included in the diet. They formu­
lated rations with protein levels of 10.57», 15.5% and 17.0%. Varying 
levels of urea (1 to 4%) were added to the rations with and without 10 
ppm procaine penicillin G. Chick weight gains were not improved by the 
addition of urea to diets suboptimal in protein, either in the presence 
or the absence of penicillin in the diet. However, in the absence of 
penicillin, the feed:gain ratio tended to be higher at high levels of 
urea. Jones and Combs (1953) reported that addition of 1% urea, 3.9% 
ammoniuL citrate or 2.2% diammonium phosphate (DAP) had little or no 
effect on growth or feed efficiency when added to a 17% protein ration. 
This was true in the presence, as well as the absence of auromycin 
hydrochloride. When a 15% protein basal ration was fed, the addition 
of urea did not affect the growth rate, but reduced the efficiency of 
feed utilization when no antibiotic was fed. Furthermore, the addition 
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of DAC or DAP, in the absence of the antibiotic, reduced the growth 
rate as well as feed efficiency. In the presence of 10 ppm of auromycin 
hydrochloride, the addition of these compounds did not adversely affect 
either the growth rate or feed efficiency. 
Bare et al. (1963) reported no growth depression in chicks fed uric 
acid together with an antibiotic mixture compared with those fed no 
antibiotics. Bacteriological analysis of contents of the small intestine re­
vealed an increase in the number of uricolytic aerobactor and an in­
creased degradation of uric acid in the tract of the "uric-antibiotic" 
chicks. 
The first beneficial results reported from the use of non-protein 
nitrogen in the diet of chicks were those of Sullivan and Bird (1957). 
These workers observed that the additions of nitrogen in the form of urea 
or DAC to a methionine-supplemented diet caused a marked increase in chick 
growth over methionine-supplemented controls. Also, urea added to a diet 
containing sodium glycolate increased chick gains over sodium glycolate 
alone. In contrast, Machlin and Gordon (1957) reported that urea was 
inhibitory to growth and feed efficiency, and DAC supplementation resulted 
in growth response in 2 out of 6 trials. 
Featherston et (1962) studied extensively the ability of chicks 
to use diets containing indispensable amino acids supplemented with vari­
ous combinations of urea, DAC, and dispensable amino acids. Amino acid 
mixtures were employed in place of protein as the nitrogen source. The 
amino acid mixture (IL) contained the L-forms of the indispensable amino 
acids, except that DL-methionine was used at levels to meet NRC 
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"requirements". Sources of non-specific nitrogen were 0.4% 
urea and 1.51% DAC to diets which were isonitrogencus, as were the diets 
containing 0,8% urea, 3.027. DAC, and 3.46% dispensable amino acids. All 
additions of nitrogen, except 0.4% urea, resulted in increased growth. 
Chicks fed the three isonitrogenous diets gained at approximately the 
same rate. Chicks receiving 1.6% urea gained essentially the same as 
chicks receiving 0.8% urea, but they were more efficient in feed utiliza­
tion. Nitrogen retention studies, however, showed that chicks fed the 
non-essential amino acid mixture retained a higher percentage of ingested 
nitrogen than chicks fed urea or DAC. Grams of weight gain per gram of 
nitrogen consumed were 22, 21 and 19 for chicks fed non-essential amino 
acids, DAC, and urea, respectively. 
Plasma amino acid concentration of dispensable and indispensable 
amino acids showed the same effect as growth rate; that is, all addi­
tions of nitrogen except the 0.4% urea resulted in a net increased plasma 
concentration of dispensable and indispensable amino acids compared with 
plasma from chicks fed the basal ration. The concentration of dispensable 
amino acids in the plasma increased as the level of nitrogen in the 
diet increased. 
In the second trial, the levels of indispensable amino acids in 
the basal were increased to a level of 125% that of the IL-amino acid 
diet used in the previous trial, A selected mixture of dispensable amino 
acids was prepared in quantities sufficient to supply nitrogen equivalent 
to 25, 50 and 100% of that supplied by L-indispensable amino acids. The 
dispensable amino acids were provided with and without 1% urea. Addition 
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of 1% urea to the dispensable amino acid diets did not result in further 
improvements of these diets. Chicks receiving the 507. dispensable amino 
acids made greatest growth. Nitrogen retention studies showâd that urea 
nitrogen was not as well retained or utilized in this trial as was ni­
trogen from dispensable amino acids. Urea increased the concentration 
of plasma indispensable amino acids in all groups. The concentration of 
dispensable and indispensable plasma amino acids were lowest in chicks 
fed the basal diet. 
These workers concluded that chicks are able to use urea and DAC 
for growth, with gains being comparable to that obtained |by chicks 
receiving an isonitrogenous amount of dispensable amino acids when these 
supplementations are made to a basal containing a minimum amount of 
indispensable amino acids. However, urea and DAC are not used as ef­
ficiently. Increasing the amounts of indispensable amino acids in the 
diet resulted in a decreased use of urea and DAC as compared with the 
use of intact dispensable amino acids in an otherwise identical diet. 
Moran et al. (1967) fed a iO% protein, corn-soy basal diet to 
broiler-type chicks and found that addition of soybean meal to the basal 
ration resulted in performance which was significantly better than with 
any other nitrogen supplement. Methionine, lysine^  and glycine addi­
tions to the basal diet also caused a significant improvement in chick 
gains yet did not match those achieved by soybean protein additions. 
DAC, when included at the equivalent of 5% protein, resulted in a sig­
nificantly depressed growth, regardless of whether or not essential 
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amino acids were added. When the DAC level was reduced to a 2% pro­
tein equivalent, there were no effects on bird gains. 
Reid (1967) reported trials involving supplementation of soybean 
meal, DAC or glycine at 2% protein equivalent to a 157. protein basal 
diet for chicks from 0-4 weeks of age, A significant improvement in 
growth rate was obtained with soybean protein at a level calculated to 
supply 2% protein to the diet. Moreover, the feeding of either DAC or 
glycine at equivalent nitrogen levels failed to stimulate growth. The 
use of DAC at a level equivalent to 57. protein produced a significant re­
duction in growth rate. 
Farlin ^  al. (1968) concluded that urea is a useful source of non­
specific nitrogen for a crystalline amino acid diet deficient in non­
specific nitrogen. Gains, feed intake and efficiency of gain of chicks 
were significantly greater when urea was added to the basal diet at the 
2.03% level. However, the performance for the urea-treated birds was 
not as great as that obtained by adding 10% glutamic acid to the basal 
diet. Furthermore, although addition of 1.165% and 2.33% biuret to a 
diet containing 70% of the required amount of amino acid nitrogen resulted 
in increased feed consumption, successive decrease in growth and feed in­
take were observed with increase of biuret from 1.165 to 4.66% in a well-
balanced diet. This agrees with work of Berry ^  al. (1956) with 8-week 
old pullets. When feed intake was equalized, 4.66% biuret had no effect 
on growth, which suggests that the effect of biuret on growth was due 
to its effect on feed consumption. 
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Recently Blair and Waring (1969) studied DAP utilization by day-old 
chicks. They added 1,5, 3,0 or 4,4% DAP to two rations formulated either 
by published or determined values for essential amino acids at minimum 
required levels. Adding 1,5% DAP gave a significant increase in live-
weight at 4 weeks, but adding 3,0 or 4,4% DAP depressed weights sig­
nificantly at both 4 and 6 weeks. Weights of birds receiving diets based 
on published values for essential amino acids were significantly lower 
than those fed diets based on determined essential amino acids with and 
without 1,5% DAC, 
Non-protein Nitrogen for Laying Hens 
Van der Meulen (1943) reported that urea supplementation to the 
rations of laying hens had no protein sparing or substituting effect. 
Hall and Helbacka (1959) showed that feeding ammonium chloride or 
hydrochloric acid to layers induced the production of thin shelled 
eggs. Comparable results were obtained by Hunt and Aitken (1961) who 
further noticed an increase in bone ash. Feeding of 2% ammonium chloride 
depressed egg production and feed conversion, although not significantly. 
Furthermore, shell quality and blood pH and plasma bicarbonates were 
significantly lowered. In contrast, albumen quality was significantly 
improved. A level of 0,5% ammonium chloride did not affect these 
parameters. The authors proposed that the adverse effect of ammonium 
chloride on eggshell quality is through a depression of plasma bicarbonate 
so that the limiting factor is the formation of carbonate radicals rather 
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than the availability of calcium for eggshell formation. They also dis­
puted the activity of carbonic anhydrase in the uterus. 
Hunt (1964) studied the action of ammonium chloride on egg weight 
and specific gravity as well as albumen height and electrolytes. Data 
Indicated that ammonium chloride feeding resulted in an increased 
specific conductance of thin albumen, indicating a total ionic increase. 
Moreover, a decrease in blood pH was observed along with a drop in 
albumen pH. However, albumen quality was improved by ammonium chloride 
as previously reported by Hunt and Aitken (1962), Other ammonium 
sources (ammonium sulphate, ammonium carbonate, and ammonium acetate) 
did not affect these parameters of egg quality. 
Young et al. (1965) indicated that there was some improvement in 
egg production with hens fed DAG or glutamic acid. When DAC -
or glutamic acid were added at 3% protein equivalent to a 13% corn-soy-
fish meal diet, the supplementation improved production up to that ob­
tained with hens fed the 16% protein diet. Later, when they repeated the 
work with a corn-soybean meal diet, only DAC improved egg production 
comparable to that obtained from hens fed the 16% protein diet. 
Chavez ^  al^ . (1966) supplemented urea and DAC at 3% protein 
equivalent to a 15,75% protein diet which met all the essential amino 
acid requirements, DAC significantly improved egg production and egg 
size compared with the same diet without the NPN source. Both egg size 
and egg production were equivalent to that of birds fed a diet contain­
ing 15,75% intact protein. Urea did not appear to be a good source of 
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NPN. In another experiment DAP was compared with fish meal as a source 
of nitrogen in a 14.757. protein diet which met the essential amino acid 
requirements. Both improved egg production and egg size significantly 
when compared with hens fed a 12.757. protein control diet. Reid et al. 
(1971) obtained similar results when 2% protein equivalent DAP was 
added to a 13.57. protein diet, but not with the 117, protein diet. 
Moran et (1967) cited evidence that the addition of DAC to the basal 
ration caused significant reductions in both egg production and feed 
consumption, regardless of methionine supplementation. Urea, however, 
did not adversely affect performance of hens, even though the amount of 
nitrogen added was equivalent to that added by DAC. 
Shannon et al. (1969) conducted experiments in which adult colos-
tomized hens were given diets supplemented with DAC and DAP, To a 
10.87. basal diet, they added either equivalent of 1.87. crude protein as 
DAP or 1.7% crude protein as DAC. The mean percentages of dietary nitro­
gen absorbed were 82.9, 85.2 and 85.2 for the three diets, respectively. 
The percentage of the nitrogen of DAP and DAC absorbed was 97.8 and 99.07., 
respectively. They concluded that ammonium nitrogen in the above form 
is almost completely absorbed by the adult hen. 
Akintunde et ad. (1968) reported that supplementation of 2 or 4% of 
DAC or DAP to a 127« basal diet did not lead to an increased production 
rate. These results, together with the results obtained for egg weight 
and feed efficiency, led them to conclude that the laying hen is unable 
to utilize these sources of NPN for egg production. 
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Bornsteln and Llpsteln (1968) concluded that laying hens are unable 
to utilize DAP and DAC during the period of peak production which is ac­
companied by an increase in egg and body weights. However, DAP might 
be able to fulfill non«essential amino acid requirement of the adult hen for 
body maintenance. Fernandez and McGlnnis (1971), however, indicated that 
part of the total nitrogen requirement: of layers can be satisfied by NPN. 
NPN Utilization by Monogastrlc Animals 
Early success of feeding NPN to ruminants led many researchers to 
investigate the feasibility of adding NPN to the rations of monogastrlc 
animals. Taylor and Ringer (1913) found that urea administered by mouth 
to dogs was eliminated quantitatively in the urine. Similar results 
were obtained with rats by Krlss and Marcy (1940) by feeding 2 g. of 
urea per day. All urea was recovered as such in the urine and feces, as 
indicated by the balance of nitrogen, carbon and energy, and by the ratio 
of carbon to nitrogen and energy to nitrogen in the urine. 
Studies with swine showed otherwise. Grafe and Turbin (1913) re­
ported that the addition of urea to the diet of pigs increased nitrogen 
retention. Pelpenbrock (1927) stated that 30 to 40% of the protein in a 
swine ration could be replaced by urea without seriously affecting per­
formance, Buckenauer (1926) noticed that 23.5% of the total food nitro­
gen could be substituted by glycocoll or ammonium acetate without in­
fluencing nitrogen balance. 
Rlttenberg ^  al. (1939) indicated that normal rats can utilize 
dietary ammonia for amino acid formation. They fed rats labeled ammonium 
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nitrogen which represented 5-8% of the total dietary nitrogen intake. 
The livers, intestinal tracts, kidneys, and muscles were analyzed 
separately. The proteins of the organs separated from NPN fraction con­
tained significant amounts of isotope. The proteins were hydrolyzed, 
and various amino acids were isolated: arginine from all three pro­
teins, glutamic acid and glycine from liver and intestine, and aspartic 
acid only from the liver. All these pure amino acids contained labeled 
nitrogen. Of the amino acids isolated, glutamic acid had the highest 
concentration of isotopes. This supports the theory of Euler et al. 
(1938), according to which glutamic acid is the first amino acid to be 
formed from ammonia, its nitrogen being secondarily transferred to 
other amino acids by coupled deamination and reamination. Similar find­
ings were reported in rats by Rose and Dekker (1956) and in swine by 
Liu et al. (1955) using N^ -^labeled urea. 
Rose ^  (1949) observed that weanling rats gain very slowly 
when fed a diet in which virtually all of the nitrogen is in the form 
of the ten essential amino acids, each at the lowest level compatible 
with maximum growth when accompanied by abundant supplies of the non­
essential amino acids. The addition to such a ration of ammonium salts 
and L-glutamic acid, glycine, and urea caused a marked increase in the 
rate of gain. Of these supplements, ammonium salts and L-glutamic acid 
were the most effective, glycine was intermediate, and urea was the least 
effective. 
Rechcigl et al. (1957) studied the effectiveness of a mixture of 
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essential L-amlno acids, single non-essential amino acids, DAC, urea, 
and biuret as a source of nitrogen for the biosynthesis of non-essential 
amino acids in rats. L-glutamic acid and a mixture of L-essential amino 
acids were the most effective supplements when judged by such criteria as 
growth, feed utilization, and net nitrogen utilization. These were fol­
lowed by alanine, aspartic acid, asparagine, proline, glutamine, DAC, urea, 
biuret, glycine, and serine, all arranged in order of their effectiveness. 
Hepburn et jd. (1960) observed that glutamic acid was superior to 
other sources of NPN in synthetic amino acid diets. Progressively greater 
weight gains were obtained when Increments of glutamic acid were added 
to a glutamic acid-free diet. The glutamic acid-free diet permitted a 
gain of only 15 g. per week. Maximum growth rate (50 g. per week) was 
observed with 5.66% glutamic acid. 
Rose and Smith (1950) attempted to determine whether the rat itself 
was converting the NPN to non-essential amino acids or whether this was 
being done by the intestinal flora of the rat. When they added a sul­
fonamide drug to their basal ration, they noticed no difference in growth 
compared with controls. From this study they concluded that the rat it­
self was capable of converting NPN to non-essential amino acids. Muhrer 
et al. (1953) approached the problem by supplementing rumen microorganisms 
to a weanling pig ration containing urea. Weight gain was significantly 
improved on this ration. However, the authors questioned the practical 
application of this ration. 
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EXPERIMENTAL 
Studies with Young Birds 
General procedure 
Diets A purified ration was formulated deficient in vitamin Bg 
(0.24 ppm) and protein (17,52%) for young birds.^  Purina assay protein 
RP-lOO was used as the only protein source in this diet. This highly 
purified protein (94%) results in a vitamin Bg-deficieht ration with well 
defined amino acid concentrations. Since some amino acids (lysine, 
methionine, tryptophan, glycine, threonine, and valine) were limiting, 
crystalline amino acids were supplemented to meet NRC (1966) requirements 
(Tables 1 and 4). Soy oil was added to increase the energy levels to 
2998 ME/kg. and 2757 ME/kg. for the first and second experiments, re­
spectively. In the second experiment DA(f was increased to 3.0 and 6.0% 
protein equivalent levels. The DAC was added to the diets replacing 
alphacel, a non-nutritive fiber, on an equal weight basis. Vitamin 85 
was added as pure crystalline pyridoxine hydrochloride at 3 ppm and three 
times the NRC (1966) requirements, 9 ppm. 
Management and data collected Day-old male chicks (broiler cross) 
used in these studies were obtained from a commercial hatchery. Experiments 
were carried out in a 5-deck battery brooder equipped with wire floors 
N^RC (1966) requirements are 3 ppm vitamin B^  and 20% protein, 
D^iammonium citrate. Baker Chemical Company (12,39% nitrogen). 
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and thermostatically-controlled electric heating units. The heat 
was adjusted to meet the chick's thermal requirement and birds had 
ad libitum access to feed and water. Birds were fed a pre-
experimental ration for a week so that they adjusted to the purified 
diet and also for better experimental distribution. Chicks were random­
ized and distributed at the end of the first week so that variation with­
in pens was nearly equal and between replicates negligible. Weekly pen 
weights were recorded and feed consumed was recorded at the same time. 
Mortality was recorded daily. 
In the first experiment, a completely randomized design was used. 
Four pens were allotted to each of the six treatments, with 10 birds In 
each pen, making a total of 240 birds. At the end of the fourth week, 
liver, heart, and spleen were removed from the birds in each pen, blotted 
with absorbent paper and weighed. Livers were frozen in liquid nitrogen 
and homogenized in a Serval Omni«Mixer in a 4°C cooling room. The samples 
were dried for 48 hours in an oven at 80°C and a representative sample 
taken for micro-Kjeldahl determination. 
In the second experiment, a completely randomized design with a fac­
torial arrangement of the treatments was used. Three pens were allotted 
to each of the 6 treatments, making 18 pens with 14 birds in. each pen. 
Each week, two birds from each pen were bled and then sacrificed for col­
lection of livers. The blood was left at room temperature overnight and 
serum collected by centrifugation. Serum nitrogen was determined by the 
mlcro-Kjeldahl method and Serum Glutamic Oxaloacetic Transaminase n(S-GOT) 
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was assayed by the method described In Sigma bulletin 505 (anonymous). 
Excreta were collected in 57. boric acid three times a week by placing a 
petri dish under each pen. At the end of each week, a composite excreta 
sample was taken and dried in an 80°C oven for 24 hours. Crushed and 
homogenized samples of the dried excreta were then assayed for chromium 
(Czanocki et al., 1961) and nitrogen by micxo*Kjeldahl. Nitrogen in dried 
feed samples was determined by the standard macro-Kjeldahl method. Gram 
nitrogen gained per gram diet was calculated using the formula: 
K. nitrogen gained (g. N/g. excreta)(mg.Cr^ O,/g. diet) 
Statistical analysis of the data was done by the method of analysis of 
variance. Orthogonal comparisons were made among treatments and checked 
with F-tables at 1% level of significance unless otherwise stated. 
Experiment 1 
Objectives The significance of vitamin in protein metabolism is 
well documented; as is the need of the animal for good quality protein. 
Studies with NPN utilization by young chicks have frequently indicated 
that the chick has very little ability to use NPN to replace non-essential 
amino acids. This is due to the critical requirement of growing chicks 
for amino acids and their essentiality in good quality protein. The de­
gree to which a low quality protein (e.g. one with an imbalanced amino 
acid composition) might be utilized in a ration is dépendent upon the in­
gredient make-up of the ration, and this is the result of interrelation­
ships among various nutrients that are present in a ration. One of the 
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Table 1. Composition of pre-experlmental and experimental rations -
Experiment 1 
Ingredients Pre-experlmental Experimental 
(%) (%) 
Dextrose 60,99 58.00 
Isolated soy protein 24.00 18.30 
Soy oil 9,00 9.00^  
Vitamin mixture 0.50* 0.50° 
Choline chloride 0.40 0.25 
Mineral mixture 0.50C 5.30* 
Dicalcium phosphate 2.00 -
Oyster shell 1.00 -
Potassium phosphate (dibasic) 0.89 -
Methionine hydroxy analogue 0,22 -
Glycine 0.50 -
Amino acid mixture - 1.20® 
Diammonium citrate - variable 
Vitamin B^  - variable 
Alphacel - variable 
S^upplies the following vitamins per kg. of diet - A 7500 lU; D3 
1000 ICU; E 10 lUj menadione sodium bisulfite 1 mg, ; 2.9 mg. ; 
5 mg.; Bg 3 mg, ; Bj^ 2 meg.; pantothenic acid 10 mg. ; choline 450 mg, ; 
niacin 25 mg. 
S^upplies the following per kg. of diet - A 8015 lU; D3 1003 ICU; 
E 11 lU; K 4.4 mg. ; B^  4.4 mg. ; B2 6.16 mg. ; Bj^ „ 20 meg. ; blotin 220 meg. ; 
folic acid 3.3 mg.; P,A,B.A. 66 mg; pantothenic acid 20 mg.; niacin 101 
mg.; inositol 132 mg.; ascorbic acid 22 meg. 
c 
Supplies the following minerals per kg. of diet - NaCl 4.5 g.; 
Mn 88 mg.; Zn 19 mg.; Fe 14 mg.; Cu 2.2 mg.; Ig 1.2 mg.; Co 0.14 mg. 
B^riggs salt mixture. Supplies the following minerals per kg. of 
diet; calcium carbonate 8.8 g.; calcium phosphate 25.07 g.; copper sul­
phate 176.5 mg.; ferric citrate 176.5 mg.; magnesium sulphate 2.65 g,; 
manganese sulphate 221 mg.; potassium chloride 6.15 g.; sodium phosphate 
6.15 g.; zinc chloride 115 mg,; sodium chloride 3.5 g, 
®Amino acid mixture. Supplies the following in g. per kg. of diet; 
lysine 1.3; methionine 3,4; tryptophan 0,7; glycine 3.4; threonine 1,3; 
valine 0,6. 
23 
nutrients which has a significant function in protein metabolism is 
vitamin Bg. The author is not aware of any research evaluating the inter­
action of vitamin Bg with NPN. Therefore, the objective of the first 
experiment was to study this possible interrelationship. 
Results and discussion Data on weight gain, feed consumption, 
and feed efficiency are listed in Table 2 and analyses of variance in Table 
18. Chicks fed the basal ration or the basal supplenented with 2.5% soy­
bean meal (SBM) grew significantly more rapidly and utilized the feed more 
efficiently than the chicks from the other treatment groups. Addition of 
4.5% protein equivalent of DAC resulted in a significant growth depression 
and feed consumption compared with chicks fed DAC at 2.5% protein equivalent. 
However, the growth depression being simply a result of lowered feed intake, 
feed efficiency was not affected. Studies of Reid (1967) and Moran et al. 
(1967) indicate similar growth depression when DAC was added to the diet at 
57. protein equivalent. 
High levels of vitamin Bg (9 ppm) were effective in promoting better 
weight gain when 4.5% protein equivalent of DAC was included in the diet 
compared with 2.5% protein equivalent (Pc 0.01). This was due to a sig­
nificant improvement (P<0.05) in feed efficiency and not to increased 
feed consumption. The significance of vitamin B6 in improving feed ef­
ficiency was also reported by Daghir and Balloun (1962). It is not clear, 
however, why vitamin Bg does not improve weight gain and feed efficiency 
at low levels of DAC supplementation. It is possible that higher concen­
trations of DAC cause toxicity, and the beneficial action of vitamin Bg 
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Table 2. Body weight gain, feed consumption, and feed efficiency -
Experiment I 
Dietary Weight gain/bird Feed çonsumptlon/blrd Feed 
treatments (g) (g) efficiency^  
X7 - 35 days) (7 - 35 days) 
Basal 
+3 ppm Bg 639119^  1237t24 1.94 
+3 ppm Bg+2,57, Isol. 
soy protein 
639 1211 1.90 
+3 ppm B^  + 2.5% DAC^  599 1169 1,95 
+3 ppm Bg + 4,5% DAG 505 1080 2,14 
+9 ppm Bô + 2,5% DAG 609 1228 2,02 
+9 ppm B6 + 4,5% DAG 582 1150 1.98 
*Feed consumed/body weight gain, 
A^ll values represent means ^  their standard errors. 
D^lammonlum citrate to furnish the amount Indicated of crude 
protein. 
overcomes this toxicity. 
Liver, heart, and spleen weights were not affected by the different 
dietary treatments when these weights were calculated as a percent of 
body weight (Table 3). Also, there was no significant difference In liver 
nitrogen among the treatments. 
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Table 3. Organ weights as percentages of body weighty and nitrogen 













+ 3ppm Bg 2.24+4.13* 0.69+0.03 0.14+0.01 11.90+0. 
+3ppm Bg + 2.5% 
Isol. soy protein 
2.25 0.67 0.16 12.60 
+3ppm Bô + 2.5% DAC^  2.19 0.64 0.17 11.88 
+3ppm B^  + 4.5% DAC 2.30 0.62 0.15 11.96 
+9ppm Bg + 2.5% DAC 2.27 0.61 0.15 11.96 
+9ppm B^  + 4.5% DAC 2.30 0.66 0.13 12.07 
A^ll values represent means i their standard errors. 




Objectives In order to gain more Insight on the utilization of 
DAG In the presence of differing amounts of vitamin the aecond ex­
periment was conducted. In addition to growth data, record of nitrogen 
retention, Serum Glutamic Oxaloacetic Acid Transaminase (S-GOT), and 
serum nitrogen were also determined to study whether they followed a 
similar pattern. 
The basal ration was similar to the one used in the previous experl* 
ment with a few modifications: First, DAG levels were increased to 3 and 
67. protein equivalents. This gave a wider margin between the DAG-
supplemented treatments. Also, since 6% protein equivalent DAG is quite 
an extreme, it was thought that this might cause more physiological changes. 
Secondly, soybean oil was reduced from 9 to 57. so that the feed was more 
acceptable to the birds and also to reduce feed wastage. Finally, the 
same vitamin and mineral mixtures were supplemented before and during the 
experimental period^  
Results and discussion Data on weight gain, feed efficiency, and 
feed consumption are shown in Table 5 and analyses of variance in Table 19. 
The results indicate that chicks grew best when little or no DAG was added. 
There was a significant growth depression (up to 50%) when DAG was added 
at 67o protein equivalent compared with the low level (3% protein equivalent) 
or non-supplemented group. However, growth was unaffected by low DAG sup­
plementation to an already low-protein ration. These results agree with 
the findings of the previous experiment when DAG was included at 2.5 and 
4.5% protein equivalent levels, and are in agreement with the work of Reid 
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(1967). There was a significant linear decrease in weight gains per chick 
as DAC was increased regardless of whether or not vitamin Bg was sup­
plemented to the diet. 
Chicks fed diets with high concentrations of DAC consumed sig­
nificantly less feed per bird per day (25 g.), whereas chicks fed other 
diets consumed 33 g. As shown in the first experiment, high DAC resulted 
in reduced palatability. The feed efficiency followed the same trend as 
body weight gain and was best when DAC was absent from the ration. DAC 
markedly reduced feed efficiency, but there was not a significant differ­
ence between groups fed high DAC and low DAC diets. High vitamin Bg-
supplementation (9 ppm) slightly Improved feed efficiency at both low 
and high DAC levels. Chicks fed low-B^  diets retained significantly more 
nitrogen than did chicks fed diets with 9 ppm of vitamin Bg (Tables 6 and 
20). However, the retained nitrogen was not channeled into tissue growth 
and protein synthesis as indicated by weight gain. Nitrogen supplementation 
in the form of DAC did not result in higher nitrogen retention, although 
the amount of nitrogen per gram of feed was greater. Chicks fed DAC-free 
rations retained a higher percentage of the ingested nitrogen than did 
the chicks fed the low DAC or high DAC diets, indicating a poor utilization 
of the supplemented nitrogen. Birds on DAC-free diets retained 8% and 
117. more of the feed nitrogen than those fed low DAC and high DAC levels, 
respectively. The data, however, indicate some absorption of NFN. 
Shannon et al. (1969) reported that percentage of nitrogen of DAC 
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Dextrose 65.25 61.20 
Isolated soy protein 24.00 18.30 
Soy oil 4.00 5.00 
Vitamin mixture 0.50* 0.50* 
Choline chloride 0.25 0.50 
Mineral mixture 5.30* 5.30* 
Amino acid mixture - 1.20* 
Diammonium citrate - variable 
Vitamin B5 (3.00 ppm) variable 
Glycine 0.20 -





&See footnotes b, d, e, Table 1, page 22. 
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Table 5. Body weight gain, feed consumption, and feed efficiency -
Experiment 2 
Dietary treatments Weight gain/bird Feed consumption Feed 
(g) (g) efficiency 
(7 - 28 days) (7 - 28 days) (feed/gain) 
Basal 
+3ppm B6 335Ï10* 706+20 2.11 
+9ppm Bô 313 690 2.20 
+3ppm B6+3% DACb 301 705 2.34 
+9ppm B6+3% DAC 316 699 2.21 
+3ppm B6+6% DAC 174 530 3.05 
+9ppm Ba+6% DAC 180 516 2.87 
All values represent means t their standard errors. 
D^AC to furnish the amount indicated of crude protein. 
absorbed by colostomized hens was 99%. Nitrogen retention was correlated 
with weight gain| birds which retained more of the feed nitrogen (DAC-
free fed birds) grew better than those retaining less nitrogen (DAC-fed 
birds). 
Data are presented in Table 6 as grams of gain per each gram of nitro­
gen retained. Birds fed diets with high DAC concentrations had a sig­
nificantly lower nitrogen conversion (12 g. gain per g. nitrogen retained) 
compared with 18 and 20 g. gain per g. nitrogen retained for low-DAC 
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Table 6. Nitrogen retention and utilization - Experiment 2 
Dietary Nitrogen Protein Protein g gain/g N 
treatments retention intake retained retained 
(%) (g/chick/day) (g/chick/day) 
Basal 
+3ppm Bg 84-2^  5.9ÏO.2 5,0+0,2 20+0.7 
+9ppm Bg 83 5,7 4.8 20 
+3ppm B^ +3% DAC^  76 6,9 5.2 17 
+9ppm B5+37. DAC 77 6,8 5.2 18 
+3ppm B6+67o DAC 79 6,0 4.7 10 
+9ppm B6+6% DAC 66 5.8 3.9 13 
â *4* 
All values represent means - their standard errors. 
D^AC to furnish the amount indicated of crude protein, 
and non-DAC supplemented groups, respectively. Significantly more nitrogen 
was needed to produce a gram of gain in the second and third week of the 
experiment than in the first week. This was expected in view of the higher 
maintenance requirement of the birds as they age. 
Neither protein levels nor vitamin influenced S-GOT concentration 
(Table 7), This might be due to adequacy of vitamin B in all rations, 
0 
Da&hir and Balloun (1963) reported that the serum of chicks fed a vitamin 
Bg-deficient diet had about 45% of the serum GOT activity of control birds 
receiving diets adequate in vitamin Bg, There was also a significant weekly 
linear increase in S-GOT levels which parallel weekly weight gain, feed 
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Table 7. Liver weight, serum nitrogen, and S-GOT - Experiment 2 
Dietary treatments Liver weight Sexum S-GOT* 
(g/100 g body nitrogen 
weight) (g/100 c.c.) 
Basal 
+3ppm B5 3.27+0,15^  0,44+0,01 150+11 
+9ppm B6 3.26 0,48 173 
+3ppm Bg+37, DAC® 3,41 0,46 131 
+9ppm B6+37o DAC 3,59 0,43 153 
+3ppm 8^ +6% DAG 3,54 0,41 173 
+9 ppm Bg+6% DAC 3,26 0,42 124 
R^eported as Sigma-Frankel unit. Each unit will form 4.82 x 10"^  
mc mole of glutamate/minute at pH 7.5 at 25°C, 
A^ll values represent means + their standard errors. 
D^AC to furnish the amount Indicated of crude protein, 
consumption, and feed efficiency. The effect of 9 ppm in the high DAC 
diet in lowering the SGO-T activity is opposite to what was expected and 
can not be explained at this time. 
Birds fed diets containing DAC had lower serum nitrogen compared with 
those fed diets devoid of DAC, DAC significantly (Table 21) decreased serum 
nitrogen, the effect being linear. Birds fed the basal diet had an average 
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of 0.46 g. nitrogen/100 ml, of serum; those fed diets with 6% DAC protein 
equivalent had an average of 0.41, and those fed the low-DAC diet fell at 
an intermediate level (0.45 g, nitrogen/100 ml,). Serum nitrogen values 
fit the growth data and nitrogen retention. Birds with better nitrogen re­
tention grew better and had elevated serum nitrogen; whereas, birds with a 
poor nitrogen retention were retarded and had lowered serum nitrogen. 
Studies with Laying Hens 
General procedure 
Diets In the third experiment, chicks were fed a pre-experimental 
20% com-soymeal diet for the first eight weeks (Table 8). Experimental 
diets for the growing period (8-22 weeks) were formulated to be low in 
protein (10.14%) with corn and soymeal supplying the proteins. DAC, urea, 
or soymeal were added at 2 or 4% protein equivalents (N x 6.25) replac­
ing alphacel on an equal weight basis. Crystalline amino acids were added 
to the rations to equal the levels supplied by the 14.14% corn-soymeal 
ration. In cases where the levels of amino acids supplied by the latter 
fell short of NRC (1966) requirements, synthetic amino acids were added 
to meet NRC requirements (Table 9). Thus, all the rations had the same 
level of critical amino acids - lysine, methionine, cystine, arginine, 
tryptophan, and glycine. Soy oil was added to the diets to increase the 
energy to 2880 ME/kg. and also to make the rations isocaloric. 
Beginning when pullets reached 50% production, the laying diets were 
fed (Table 8). Some modifications in the ration were made at this time 
to meet the hen*s requirements. Calcium and phosphorus levels were 
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Table 8. Composition of diets during starting, growing, and laying 
periods - Experiment 3 
Starting Growing Laying 
chickens chickens hens 
Ingredients (l_8 weeks) (8-22 weeks) (22-38 weeks) 
(%) (%) (%) 
Corn 60.00 70.00 70.00 
Soymeal (49% protein) 31.00 8.00 8.00 
Soy oil 2.00 variable variable 
Alfalfa meal (18% protein) 3.00 - -
Dicalcium phosphate 1.50 1.50 2.50 
Limestone 1.40 2.00 6.00 
Salt mixture 0.50a 0.50a 0.50® 
Vitamin mixture 0.50a 0.50* 0.50b 
Methionine hydroxy analogue 0.10 • — 
Amino acid mixture - variable^  variable^  
Urea - variable variable 
DAC - variable variable 
Soybean meal - variable variable 
Alphacel variable variable 
S^ee footnotes b and d, Table 1, page 22. 
Supplies the following vitamins per kg. of diet - A 8000 lU; Dg 
1500 ICU; B 5 mg.; B, 5 meg.; pantothenic acid 5 mg.; niacin 15 mg.; 
choline 325 mg. 
A^mino acid mixture added at 0.5%, 1.06%, and 1.63% to 8.25% soy-
meal ration, 4.12% soymeal ration, and non-protein supplemented rations, 
respectively. Table 9. 
A^mino acid mixture added at 0.44%, 1.00%, and 1.57% to 8.25% 
soymeal rations, 4.12% soymeal rations, and NPN rations, respectively, 
Table 10. 
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elevated by adding limestone and dlcalclum phosphate. As in grower diets, 
DAC, urea, and soymeal were supplemented at 2 or 47. protein equivalents. 
The technique for amino acid supplementation was the same as during the 
growing period with the exception that NRC (1966) laying hen requirements 
were used as a standard. 
In the fourth and fifth experiments, pullets were fed a pre-experimental 
ration from 16 to 22 weeks, and then were fed the experimental diets 
(Table 11). The laying rations were formulated as before with one major 
difference - crystalline amino acids were omitted from the rations. DAC, 
urea, and soymeal were added at 2 or 4% protein equivalents as before. 
The rations were isonitrogenous at 12.14 or 14.14% total crude protein and 
isocaloric at 2880 ME/kg. 
Management and data collected In the third experiment, 150 day-
old female chicks (Welp-line) were distributed in battery brooders with 
controlled temperature. They had free access to feed and water. One 
hundred and twenty of the pullets were randomized in four-deck growing 
batteries. For each of the six treatments, there were five replicates 
with 4 pullets per replicate making 20 birds per experimental treatment. 
Pullets were weighed individually each month. Feed consumption was also 
recorded. Dead birds were replaced by spares of approximate weight fed 
the same ration for the same length of time. 
In the fourth experiment, pullets (Welp-line) were obtained at 16 
weeks of age. They had been fed commercial starter and grower rations 
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Table 9. Calculated and supplemented (% of diet) levels of critical 
amino acids to the grower diets - Experiment 3 
NRC® Basal Cryst, Basal Cryst, Basal Gryst, 
1966 8.257. A. A. 4.12% A. A. NPN A. A. 
Requirements S.B.M. added S.B.M. added added 
Lysine 0.82 0.68 0.14^  0.56 0.26 0.44 0.38 
Methionine 0.30 0.25 0.05 0.23 0.07 0.20 0.10 
Cystine 0.26 0.23 0.03 0.20 0.06 0.17 0.09 
Arginine 0.90 0.93 
-
0.79 0.14 0.65 0.28 
Tryptophan 0.15 0.19 - 0.16 0.03 0.13 0.06 
Glycine 0.75 0.61 0.14 0.51 0.24 0.41 0.34 
Total 0.5 1.06 1.63 
A^ssuming that amino acid requirements are In proportion to protein 
requirements of the growing pullet. 
L^ysine added as lyamlne (50% lysine hydrochloride). 
and were debeaked the first week after hatching. They were also immunized 
against Marek*s, bronchitis, Newcastle, and fowlpox. 
Experiments with layers were carried out in a wlndowless cage house 
with thermostatically controlled ventilating fans. Hens were individually 
caged, and four adjacent 25.4 x 40.6 cm. cages with a common feeder con­
stituted an experimental unit. The hens had 14 hours of light. All birds 
were weighed individually every 28 days, and feed consumption of each 
unit was recorded. Eggs were collected daily, and, for the egg weight 
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Table 10. Calculated and supplemented (% of diet) levels of critical 





















Lysine 0.50 0.68 - 0. 56 0.12* 0.44 0,24 
Methionine 0.28 0.25 0.03 0. 23 0.05 0.20 0,08 
Cystine 0.25 0.23 0.02 0. 20 0.05 0.17 0,08 
Arginine 0.80 0.93 - 0. 79 0.14 0.65 0,28 
Tryptophan 0.15 0.19 
-
0. 16 0.03 0.13 0,06 
Glycine 0.61 0.39 0. 51 0.49 0,41 0,59 
Total 0.44 1.00 1,57 
L^ysine added as lyamine (507. lysine hydrochloride). 
A^ssumed the same requirement as starting chicks. 
estimates, all eggs laid on three consecutive days within each 28-day 
period were weighed individually. In the third experiment, dead birds 
were replaced by spares fed the same ration; while in the fourth experi­
ment, records of mortality were kept, but dead birds were not replaced. 
Blood was collected at 30 and 38 weeks in the third experiment and 
at the beginning and end of the fourth experiment. Blood samples were 
drawn from one bird of each replicate by heart puncture. Five ml. of 
blood was placed in a salinated tube and left to clot overnight. The 
blood was centrifuged, and serum saved in a freezer for chemical 
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Table 11, Composition of laying rations - Experiments 4 and 5 
Ingredients Pre-experimental Experimental 
(16-22 weeks) (22-38 weeks) 
% (%) 
Corn 78,00 73,00 
Soymeal 17,00 8,00 
Soy oil 0,50 variable 
Dicalcium phosphate 1,50 2,50 
Limestone 2,0 6,00 
Salt mixture 0,5* 0,50* 










*See footnotes b and d, Table 1, page 22, 
S^ee footnote b, Table 8, page 33, 
determination. Nitrogen and serum NPN were determined by standard 
micro-Kjeldahl method. For NPN, one volume of serum was mixed with 9 
volumes of 107, trichloroacetic acid (TCA) and left for 10 minutes at room 
temperature before centrifuging at 5000 rpm for 10 minutes. Serum uric 
acid was determined by the method described in Sigma bulletin 292 
(anonymous). 
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In the fourth experiment, samples of eggs were collected at the be­
ginning and end of the experiment, and Haugh Unit and shell thickness 
were determined. Statistical analysis of the data was done by the method 
of analysis of variance. Orthogonal comparisons were made among treat­
ments, and all statements of significance are based on the 0.01 level 
of probability unless otherwise stated (Tables 22 to 28, Inclusive). 
In the fifth experiment, 9 layers from the same stock as experiment 
4 were randomly distributed among the three experimental diets: 47> DAC, 
4% urea, and 4% soymeal (expressed as protein equivalents). The composi­
tions of the rations were the same as experiment 4 (Table 11). The rations 
were fed for 72 hours, and all the excreta was collected in a tray lined 
with aluminum foil and containing 5% boric acid. The droppings were 
collected at 36- and 72-hour intervals and placed in a 4°C cooling room 
to retard chemical and microbial action. A blank tray was also used to 
check the evaporation rate and to determine the proper dilution factor. 
The excreta was thoroughly homogenized and a sample centrifuged at 10,000 
rpm for 10 minutes. The supernatant layer was saved for the determina­
tions of uric acid, urea, ammonia, creatine, and creatinine. The 
analytical methods used in determining these fecal components are de­
scribed in the Appendix. At the end of the trial, liver kanthine dehy­
drogenase was also determined. Moreover, nitrogen retention was studied 
by determining nitrogen in the ration and fecal excreta by the standard 
macro- and micro-Kjeldahl methods, respectively. Data were analyzed 
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statistically according to Snedecor and Cochran (1967) and subjected to 
Duncan*s multiple range test (Duncan, 1955) If found significant. 
Experiment 3 
Objectives The protein and amino acid requirements of growing 
pullets and layers have not been clearly established. There are reports 
in the literature indicating protein requirements of layers as high as 18% 
and as low as 127» of the diet. The National Research Council (NRC), 
1966, states the protein requirement as 15% of the diet. 
There are few reports on the effect of pre-laylng nutrition on egg 
production. Berg and Bearse (1958) noted that the level of protein in 
the rearing diet fed from 8 to 20 weeks of age had no significant in­
fluence on weight gains and egg production. Bullock £t (1963) re­
ported that subsequent egg production was unaffected, even when the pro­
tein level of the rearing diet was reduced to 10.5%. 
There are some indications that laying hens may utilize ammonium ni­
trogen (Young et al., 1965; Chavez et al., 1966). However, several re­
searchers have failed to show such utilization of NFN (Moran al., 
1967; Blair and Waring, 1969). 
The present study was undertaken to investigate the possibilities 
of using DAC or urea in the ration of growing pullets and their influence 
on the laying hen*s performance. In contrast to other research in this 
area, emphasis was not placed solely on the fact that diets were kept iso-
nitrogenous and isocaloric, but attention was also given to the critical 
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amino acid levels. After making the rations isocaloric and isonitrogenous, 
levels of critical amino acids (lysine, methionine, cystine, arginine, 
tryptophan, and glycine) were equalized. Urea and DAG were added at 2 
or 47o protein equivalent to a low protein (10.14%) com-soymeal ration 
and compared with rations supplemented with 2 or 4% protein equivalent 
from soymeal. 
Results and discussion Data on weight gain, feed consumption, 
and feed efficiency of pullets fed grower diets are presented in Table 12. 
Pullets fed soymeal diets grew significantly (P <0.05) faster than NPN-
fed birds. However, there was no significant difference between the 
DAC- and urea-fed pullets. When levels of DAC and urea were increased 
to 47* protein equivalent, weight gain was lowered, but not significantly. 
Feed efficiency was better for soymeal-fed pullets; however, the differ­
ence was not statistically significant. Pullets fed soymeal rations 
reached 507. production less than a week earlier than DAC- and urea-fed 
birds. Waldroup and Harms (1962) reported that low dietary protein levels 
during the growing period delayed sexual maturity of egg production type 
pullets. 
Data on egg weight, egg production, weight gain, and feed consumption 
of layers are shown in Table 13. Hens fed soymeal rations produced sig­
nificantly larger eggs than did NPN-fed birds. However, DAC and urea 
were equally inferior to soymeal in this respect. Egg production rate 
followed the same pattern as egg weights. Soymeal-fed layers had 15% 
41 
Table 12. Weight gain, feed consumption, and feed efficiency of growing 
pullets - Experiment 3 
Dietary Weight gain/bird Feed consumed/bird g. feed/g, gain 
treatments (g) (g) 
(8-20 weeks) (8-20 weeks) 
Basal 
+27. DACa 566 t 26° 4300 + 201 7.60 
+47. DAC 553 4222 7.64 
+27. urea 599 4448 7.43 
+47. urea 555 4415 7.95 
+27. soymeal 601 4323 7.20 
+47. soymeal 643 4411 6.86 
D^AC; urea, and soymeal to furnish the amount indicated of crude 
protein. 
A^ll values represent means + their standard errors. 
better production than those fed DAG and 87. better production than those 
fed urea. This contradicts work of Chavez et j^ . (1966) who reported 
better egg size and 3.57. better egg production when 37. protein equivalent 
DAC was added to a 137» protein diet. 
Weight gain, average daily feed consumption, and feed consumed per kg. 
of eggs were significantly better for soymeal-fed birds than DAC- or 
urea-fed layers. For each type of supplement (soymeal, DAC, and urea) in­
creasing the supplemented amount from 2 to 4% crude protein equivalent had 
no significant influence on egg weight, percent production, feed per hen 
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Table 13. Egg weight, egg production, weight gain, and feed consumption -
Experiment 3 
Dietary Av, egg Egg Weight Feed consumption 
treatments weight production gain hen/day /kg. eggs 
(g) (7.) (g) (g) (kg) 
Basal 
+2% DAG® 49.7±0.7^  58.7±3.6 123+9 91+ 4 3.210+0.144 
+4% DAG 50.0 51.5 32 82 3.250 
+27o urea 49.3 60.3 16 92 3.220 
+47. urea 48.8 64.8 77 96 3.130 
+27o soymeal 51.5 70.3 174 104 2.970 
+4% soymeal 51.9 70.7 145 102 2.870 
D^AC, urea, and soymeal to furnish the amount indicated of crude 
protein. 
A^ll values represent means + their standard errors. 
per day, and feed per kg. of eggs. Period effect, however, was significant 
in all the above parameters. This was expected in view of the typical hen 
production curve. The percent production as a function of time is shown 
in Figure I. 
Data on serum components are shown in Table 14. Total serum nitrogen 
was significantly affected by dietary treatments. Birds fed soymeal 
rations had significantly more serum nitrogen than those fed NFN. This 
correlates well with growth and egg production data - soymeal-fed birds 
Figure 1. Effect of soymeal, urea, and DAC supplementation at 2 or 4% protein equivalent 
on hen-day egg production by periods - Experiment 3 
— DAC 













Table 14. Serum nitrogen, NPN, protein nitrogen and uric acid -
Experiment 3 
Dietary Nitrogen components in serum (mg/100 ml) 
treatments Nitrogen NPN Protein nitrogen Uric acid 
Basal 
+2% DAC® 717*17^  28+2 689+18 8.2+0.9 
+4% DAC 758 28 730 9.8 
+2% urea 780 29 751 8.6 
+47. urea 753 29 724 8.8 
+27. soymeal 773 33 740 9.8 
+47. soymeal 835 28 807 8.5 
D^AC, urea, and soymeal to furnish the amount indicated of crude 
protein. 
A^ll values represent means + their standard errors. 
grew faster and laid more eggs, whereas, urea- and DAC-fed layers grew 
more slowly and laid fewer eggs. 
Serum NPN levels were unaffected by different dietary treatments, re­
maining about constant at 28 mg. percent. Protein nitrogen (the differ­
ence between total nitrogen and NPN) showed the same trend as total serum 
nitrogen, that is, significantly higher for soymeal-fed birds compared 
with those fed NPN. When serum NPN and serum protein nitrogen were ex­
pressed as percent of total nitrogen, there was no significant difference 
among the treatments. Uric acid levels were 9.2, 9.0, and 8,77. in 
soymeal-fed, DAC-fed, and urea-fed birds, respectively. Statistical analysis 
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revealed that there was no significant difference in serum uric acid 
among the treatments (Table 25). 
Experiment 4 
Objectives The poorer response of laying hens fed DAC and urea 
compared with those fed soymeal diets, even though critical amino acids 
were equalized, encouraged us to Investigate whether the amino acid sup­
plementation had rendered any nutritional value to DAC or urea in the 
previous experiment. 
The composition of the rations Is shown in Table 11. DAC, urea, and 
soymeal were added at 2 or 4% protein equivalent to a basal com-soymeal 
diet containing 10,14% protein. Rations were Isonltrogenous at 12,147» or 
14.14% total crude protein and were Isocalorlc at 2880 ME/kg. In con­
trast to the third experiment, no crystalline amino acids were supple­
mented. 
Results and discussion Data on egg weight, egg production, 
weight gain, and feed consumption are shown in Table 15. The data 
indicate that, in the absence of supplemented critical amino acids, per­
formance of soymeal-fed hens was superior to those fed DAC or urea. Egg 
weight, egg production, weight gain, feed consumption per hen per day, 
and feed consumption per kg. of eggs of hens fed soymeal diets were 
significantly better than those fed DAC or urea diets. However, as ob­
served In experiment 3, there was no significant difference between urea-
and DAC-fed hens with respect to the measured criteria. In addition to 
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Table 15, Egg weight, egg production, weight gain, and feed consump­
tion - Experiment 4 
Dietary Av, egg Egg Weight Feed consumption 
treatments weight production gain Hen/day /kg. eggs 
(g) (%) (g) (g) (kg) 
Basal 
+2% DAC® 45.0±0.9 64.0t3.5 
-2t9 82±3 2.894i0.137 
+4% DAC 43.6 53.3 -4 75 3.357 
+2% urea 45.3 56.4 -3 76 3.031 
+4% urea 43.2 51.2 -13 72 3.261 
+2% soymeal 47.7 66.8 34 85 2.730 
+4% soymeal 46.5 75.0 24 85 2.454 
®DAC, urea, and soymeal to furnish the amount indicated of crude 
protein supplemented to the basal 10.14% protein ration (Table 11). 
A^ll values represent means ± their standard errors. 
a significant improvement in egg weight, soymeal-fed birds had approxi­
mately 17% and 12% better egg production than urea- and DAC-fed hens, 
respectively. 
Hens fed DAC and urea lost weight although the mortality rate was 
low. This was not surprising in view of low protein and poor amino acid 
balance of the rations. Average feed consumption was significantly 
greater for soymeal-fed birds compared with NPN-fed birds. Furthermore, 
more feed was consumed by hens fed DAC or urea for production of a kg. of 
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eggs. It was noted, however, that botth urea and DAC were equally in­
ferior to soymeal. 
Period effect was significant iiu alL the above criteria. By ad­
vance of time, egg weight and feed cotoasumed per kg. of eggs significant­
ly increased, whereas, percent prodtucction decreased. Average daily feed 
intake was low in the first period «(^ 4 g.) and remained approximately 
the same (81 g.) for the last twelves weeks. 
Overall performance of hens in txtie fourth experiment was inferior to 
that of hens in the third experimen t^  in which amino acids were supple­
mented. Eggs, although surprisingly small in both experiments, averaged 
5 g. heavier in the third experimeiut». Percent egg production did not 
drop steadily as in the previous st;uo<iy. Furthermore, urea-fed birds 
showed more fluctuation in egg prod^ uoctiox (Figure 2). Harms and Waldroup 
(1963) stated that lack of protein «suited in failure of the pullets 
to follow an expected pattern of ovuàlation. Feed consumption, expressed 
in grams per hen per day, was low Ln i the third experiment. Hens fed urea 
diets consumed 74 g. dally, those fe id DÀC 79 g,, and soymeal-fed hens con­
sumed 85 g., whereas, dally feed coiusumption of 94, 87, and 104 g. were 
obtained with the respective groups ia the third experiment. 
Two parameters of egg quality (,2Haugh Unit and shell thickness) were 
unaffected by the different dietary treatments (Table 16). Hunt (1964) 
noted lack of influence of other annanoaiutn compounds (sulphate, carbonate, 
and acetate) on Haugh Units. PeriodB, however, significantly affected 
both shell thickness and Haugh UniHens laid eggs with significantly 
Figure 2. Effect of soymeal, urea, and DAG supplementation at 2 or 4% protein equivalent 
on hen-day egg production by periods - Experiment 4 
— DAC 
Urea 














Table 16. Haugh Unit and shell thickness - Experiment 4 





















D^AC; urea, and soymeal to furnish the amount indicated of supple* 
mented crude protein. 
A^ll values represent means ± their standard errors. 
thinner shells and better Haugh Unit before being placed on the laying 
rations. This could be accounted for by the pre-experimental rations, 
which were lower in percent calcium and higher in percent protein. 
Data on serum components are shown in Table 17. The pattern of 
changes in serum nitcogen, NFN, and protein nitrogen was very similar to 
those obtained in the previous experiment. Soymeal-fed birds had sig­
nificantly higher levels of serum nitrogen, NPN, and protein nitrogen than 
NPN-fed birds. Moreover, as in the previous experiment, there was no 
difference in serum components between urea-fed and DAC-fed hens. This 
correlates well with production data such as egg weight, egg production, 
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and feed consumption. In contrast to the third experiment, 4% sup­
plementation of soymeal, DAC, or urea resulted in significant elevation 
of serum nitrogen and protein nitrogen although this was not reflected 
in Improvements in production traits. Serum protein and NPN, expressed 
as percent of total nitrogen, were not significantly different, and the 
ratio remained the same, even though absolute values changed. Uric 
acid levels were not significantly affected by the dietary treatments, 
probably due to many contributing factors. Bell (1957) indicated that 
sex, age, the nutritional state, and egg production all affect the serum 
uric acid level. 
Overall levels of serum nitrogen, NPN, and protein nitrogen were 
lower than in the previous experiment (Table 7 vs. 14). This also agrees 
with the lower egg production, egg weight, weight gain, and feed con­
sumption. In view of the responses obtained in experiments 3 vs. 4, it 
seems that amino acid supplementation of laying rations improved the 
usefulness of DAC- and urea-added rations. However, at this stage, we 
do not know whether amino acids accomplished this as such or in combina­
tion with the supplemented urea and DAC. 
Experiment 5 
Objectives There are reports indicating that the fowl's fecal 
components are influenced by the quality and quantity of the feed intake. 
In view of the poorer response of laying hens to urea and DAC in the 
previous experiments, the present study seemed warranted. Urea, DAC, 
and soymeal were fed at 4% protein equivalent to mature hens and data 
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Table 17. Serum nitrogen, NPN, protein nitrogen, and uric acid -
Experiment 4 
Dietary Nitrogen components in serum (mg/100 ml) 
treatments Nitrogen NPN Protein nitrogen Uric acid 
Basal 
+27. DAC® 559t24^  22±0.9 537±24 7.8*0.4 
+47. DAC 660 24 636 8.3 
+27. urea 601 22 579 8.6 
+47. urea 633 23 610 8.5 
+27. soymeal 657 25 632 9.0 
+47. soymeal 694 24 670 8.7 
D^AC, urea, and soymeal to furnish the amount indicated of crude 
protein. 
A^ll values represent means + their standard errors. 
were collected on nitrogen retention, fecal components (uric acid, urea, 
creatine, creatinine, ammonia) and liver xanthine dehydrogenase level. 
Results and discussion No significant difference was observed 
between the urea? and DAC-fed hens with respect to nitrogen retention, 
liver xanthine dehydrogenase, and fecal components. These data, together 
with the results on egg production and egg weight obtained in the pre­
vious studies, indicate that these forms of NPN exert their influence 
similarly. 
The percent nitrogen retained was low and similar to that reported 
by Shannon et al. (1969) with colostomlzed hens. Percent nitrogen retention 
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was reduced by more than 50% lAen urea and DAC were Included in the 
ration at 47. protein equivalent (Figure 3), Only fecal uric acid and 
creatine concentrations increased in NPN-fed birds compared with soymeal-
fed hens (Figures 5, 6). Other nitrogenous compounds measured-urea, 
creatinine, and ammonia were in trace and non-significant amounts. Iwao 
and Okumura (1964) reported that, in fowl, both;fecal uric acid and 
ammonia increased linearly as dietary protein levels increased, whereas 
urea, creatine, and creatinine levels remained constant. 0*Dell £t 
(1960) indicated that diet to some extent affected the distribution of 
nitrogen between uric acid and ammonia. 
Liver xanthine dehydrogenase activity was significantly higher in 
soymeal-fed compared to NPN-fed hens (Figure 4). This increase in xanthine 
dehydrogenase might be a reflection of protein quality, and not protein 
level, as reported by Featherston and Scholz (1968). These workers also 
noted a direct relationship between the elevated activity of hepatic 
xanthine dehydrogenase and uric acid excretion when isolated soy protein 
level of the ration was increased from 25 to 75%. This relationship did 
not hold true in our studies when dietary treatments were not so markedly 
different. 
Figure 3, Percent nitrogen retention of laying hens - Experiment 5 
Figure 4. Liver xanthine dehydrogenase (mc mole of uric acid formed/g. 
tissue/minute) levels of laying hens - Experiment 5 
47D protein equiv. DAC ) j 
47. protein equiv. urea 





























Figure 5, Uric acid levels (mg./ml.) of laying hen's excreta -
Experiment 5 
Figure 6 - Creatine levels (mg./ml.) of laying hen's excreta 
Experiment 5 
47. protein equiv, DAC [ [ 
4% protein equiv. urea 
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Response of Chicks to Vitamin Bg and DAC 
In view of the reports on influence of vitamin B5 in protein 
metabolism, it seemed logical that vitamin Bg might render better 
utilization of NPN by chicks. However, the findings of the first and 
second experiments indicated that the overall effect of feeding vitamin 
Bg on weight gain and feed consumption was negligible. There are good 
indications, however, that vitamin Bg improved efficiency of feed 
utilization in high DAC-supplemented rations. Significance of vitamin 
B6 in improving feed efficiency in commercial or purified ration is also 
reported (Daghir and Balloun, 1962; Sauberlich, 1961; Kazemi and Daghir, 
1971). The results indicate that at lower DAC supplementations (2.5 or 
3.0% protein equivalent), this source of NPN proved to be ineffective 
and at higher levels (4.5 or 6.0%) became toxic to the chicks. 
The biochemical mechanism by which DAC causes toxicity and depresses 
growth is not well understood. However, it is postulated that the ad­
verse effects of high NPN feeding to animals are brought about by a high 
concentration of ammonia in the blood. Ammonia is produced by metabolic 
processes in all animal cells besides digestive processes. The next 
major source of ammonia comes from the action of bacterial enzymes upon 
the nitrogenous substances in the lumen of the gastrointestinal tract. 
In monogastric animals, hydrolysis of endogenous urea and in birds endogen­
ous uric acid is believed to be the main source of ammonia released by 
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microorganisms. Ammonia produced is either channeled into microbial 
protein and later becomes available to the host animal or absorbed into 
the portal circulation. It is postulated that free ammonia in the blood 
causes the toxicity and depresses growth, yet the biochemical mechanisms 
by which this occurs are not understood, and studies of the influence of 
ammonia on animal cells in vivo are fragmentary. 
It still seems unlikely that free blood ammonia was the sole factor 
causing the growth depression in our studies for three reasons: First, 
DAC is an unpalatable compound and limits feed consumption and as such 
stops the vicious cycle of more feed Intake with poorer performance. 
The absence of chick abnormalities might also be due to this feedback 
mechanism. Secondly, the large mass of the avian kidney, and its possession 
of a renal-portal circulation, makes it an effective organ in removing 
the excess ammonia. Bell et al. (1959) have not been able to correlate 
alterations in NPN with known instances of renal dysfunction. Thirdly, 
the liver is an efficient organ in maintaining a low ammonia concentration 
in peripheral blood. One passage of blood through the liver removes 
practically all the ammonia originating from the Intestine which constitute 
a major source, in addition to tissues themselves, Visek (1968) reported 
that even with 70% of the liver removed, mammals can metabolize high 
levels of ammonia which are far in excess of normal metabolic conditions. 
Moran ^  al. (1967) Initially questioned either the essential amino acid 
deficiency or the adequacy of non-essential nitrogen already present in 
the ration as the reasons for poor performance of chicks fed DAC. Their 
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extensive tabulation of the known requirements and comparing them with 
amounts consumed proved otherwise. Blair and Waring (1969) also noted 
the poor response of chicks to DAC and DAP and attributed the poor per­
formance to the actual amino acid levels in the ration since they 
used published rather than determined amino acid values for formulating 
the ration. 
One factor that has escaped the attention of most researchers with 
respect to poor performance of chicks fed DAC is the impurities carried 
in the ration with each DAC supplementation. It is possible that these 
impurities, including the heavy metals, might contribute to the poor per­
formance of chicks. 
Chicks fed the basal ration in the first experiment had a better 
weight gain and feed consumption than the comparable groups in the second 
experiment. This was mainly due to the higher energy concentration of 
the diets in the first experiment (2998 ME/kg) compared with the second 
experiment (2757 ME/kg). Moreover, in view of the importance of fats in 
Improving palatabllity, better feed consumption in the first experiment 
was also partly due to the higher soy oil content (9%) compared with the 
second experiment (5%). 
Nitrogen retention data indicated that the nitrogen from DAC was 
poorly utilized, and DAC became toxic when the level was increased from 3 
to 67o protein equivalent. High DAC-fed birds consumed less feed and, 
consequently, less nitrogen, but the lower nitrogen intake did not alter 
the poor conversion efficiency - gram gain per gram nitrogen retained. 
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Featherston ^  aj^ . (1962) obtained results contradictory to ours. He 
noted that chicks fed 0.8% urea and 3% DAC retained a higher percentage 
of the ingested nitrogen than did chicks fed the basal diet. With respect 
to the all-synthetic amino acid diet used by these workers, it is probable 
that absence of intact protein is a factor in better utilization of NPN. 
When diets were supplemented with dispensable amino acids, chicks re­
tained a higher percentage of nitrogen and gained more weigjit per gram 
nitrogen consumed than the chicks fed urea or DAC. Experiments of Kriss 
and Marcy (1940) on rats indicate that these animals can not utilize urea 
in an appreciable amount. Urea was almost entirely recovered as such in 
the urine and feces, as indicated by the balance of nitrogen, carbon, and 
energy. This was also indicated by the ratio of carbon to nitrogen and 
energy to nitrogen in the urine. 
It is interesting that better weight gain was paralleled by better 
nitrogen retention and higher serum nitrogen. Chicks fed DAC, on 
the other hand, had lower body weight gain, poorer nitrogen retention, 
and lower serum nitrogen. Effects of NPN on other blood components have 
not been widely investigated. March and Biely (1971) reported that feed­
ing urea significantly increased serum uric acid concentration in chicks, 
Bollman and Schlotthauer (1936) likewise reported increased serum uric 
acid in turkeys. Featherston £t al. (1962) noted greater concentrations 
of indispensable amino acids in plasma of chicks fed urea or DAC and 
concluded that NPN is utilized by chickens. 
At present, with our present knowledge in the area of NPN, it seems 
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unlikely that DAC is of any value to young chicks at low levels and be­
comes toxic at higher levels. 
Response of Laying Hens to DAC and Urea 
Our efforts to demonstrate any dietary value associated with urea 
and DAC in the rations of laying hens failed. Our rationale for these 
experiments was that once the laying ration was adequately supplied with 
the limiting critical amino acids, the non-essential amino acids could 
be synthesized from NPN compounds by the bird. The results clearly indi­
cated that performance of laying hens fed DAC or urea was inferior to 
soymeal-fed birds. The poorer performance of hens fed low-protein diets 
supplemented with DAC or urea occurred both in the presence and absence 
of supplemented amino acids. 
Most researchers have attributed the poor performance of hens fed 
NPN to action of ammonia, commonly termed "ammonia toxicity". There is 
no known enzyme system that could incorporate urea as such into animal tis­
sue, Therefore, urea or other NPN compounds must be hydrolyzed to am­
monia, which might be metabolized via two routes. It might be incorpor­
ated into microbial protein with subsequent absorption directly or after 
digestion. It also might enter the portal system and be later changed 
to glutamate with the aid of ATP, The key enzyme involved in the con­
version of ammonia to glutamate is glutamic acid dehydrogenase which 
has been isolated from chicken liver. The ammonia toxicity is believed 
to arise when ammonia is introduced too rapidly or when the quantities 
of ammonia are excessive, and therefore, it might "spill-over" into 
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the blood stream with subsequent development of ammonia toxicity. Ef­
forts have been made to reduce the release of ammonia by slowing down 
the microbial digestion. A method used recently has been coating the 
urea with hydrogenated fat. Data obtained with ruminants indicate that 
rate of ammonia released from coated urea was reduced in proportion to 
the extent of fat used. 
Contradictory reports have appeared in literature concerning the 
effectiveness of NPN utilization by laying hens. In general, it seems 
that the quality and the quantity of the proteins in the basal ration 
determine the extent to which hens respond to NPN supplementation. 
Young et al. (1965) and Chavez et al. (1966) noted better response of* 
hens to DAC when fish meal was present in the ration. They hypothesized 
presence of an "unidentified factor" in fish meal which was beneficial 
in non-essential amino acid synthesis. Because of the simplicity of the 
basal ration in our studies, we never anticipated the presence of un­
identified factors. However, we questioned the usefulness of DAC and 
urea in a low-protein laying ration. 
Some researchers have reported 12.5% protein to be adequate for egg 
production (Smith and Lewis, 1964). Harms et (1966) found that egg 
production was improved by increasing the protein of the diet to 15 or 
16%. Blair et (1970) reported that the number of eggs laid were 
not significantly affected when protein was increased from 14 to 16%, 
but birds given the higher protein ration laid significantly larger eggs. 
We noted that addition of the greater amount of soymeal protein (4% vs, 
2%) to a 10,14% protein ration resulted in better egg production. 
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However, when amino acid levels In the 27a added soymeal protein rations 
was equalized to that of 4% soymeal ration, egg production rate was 
also equalized (70%). This indicates that the hens were suffering more 
from an amino acid deficiency when fed the 27» added soymeal protein 
rations, rather than nitrogen deficiency as such. 
Since uric acid is the main product of avian nitrogen metabolism, 
blood levels might be expected to reflect differences in diet and nu»? 
tritional state, as observed by Oppenheimer and Kunkel (1943). We ex­
pected higher uric acid values for NPN-fed hens as compared with soymeal-
fed hens as an indication of surplus nitrogen resulting from depressed 
synthesis of tissue protein or egg protein. However, serum uric acid 
levels were not affected by diet differences, although uric acid ex­
cretion was increased, as found in the fifth experiment. Sturkie 
(1961) has shown that plasma uric acid varies considerably under standard 
conditions and is influenced by the reproductive state of the hen; non-
layers have higher plasma uric acid concentrations. 
Based on the results obtained in the laying hen experiments, we 
do not recommend urea or DAC supplementation to laying rations even in 
situations when protein levels are low. Although performance was poorer 
with NPN-fed hens, no sign of toxicity appeared as observed with young 
chicks. This is expected in view of lower sensitivity of older birds to 
dietary imbalances and toxicities. 
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CONCLUSIONS 
1. Dlammonlum citrate (DÂC) Is not utilized by young chicks when supple­
mented at 2.5 or 3,0% protein equivalent levels to a 17.5% protein seml-
purltled ration, and proves to be toxic at 4.5 or 6.0% protein equiva­
lent levels, 
2. Vitamin supplementation, even at three times the NRC requirement 
(9 ppm), does not improve the utilization of DÀC by young chicks. 
3. Inclusion of DAG In rations of young chicks reduces nitrogen retention 
linearly as the level of supplemented DÂC is Increased from 3 to 6% 
protein equivalent. 
4. Urea and DAC feeding of growing pullets does not delay sexual maturity 
but depresses weight gains. 
5. Amino acid balance of the basal ration determines the extent to which 
hens respond to urea and DAC supplementation at 2 or 4% protein equiva­
lent levels. Weight gain, egg production, egg weight, and feed con­
version efficiency are all improved when the critical amino acids are 
added to urea and DAC supplemented diets to equal or exceed the levels 
supplied by a 14% protein corn-soymeal ration. 
6. Increasing DAC or urea supplementation of the laying ration from 2 to 4% 
protein equivalent does not result in concomitant decrease in production 
data. 
7. Significant changes occur in serum components and excreta voided by hens 
fed urea or DAC. Total serum nitrogen and protein nitsogen decrease in 
urea- and DAC-fed hens. Uric acid, liowever, remains unchanged. Fecal 
creatine and uric acid Increases, but: ammonia, urea, and creatine levels 
remain at a low concentration. 
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APPENDIX A 
Table 18. Analysis of variance of weight gain, feed consumption, 
and feed efficiency - Experiment 1 
M.S. 






Treatment (T) 5 2604 0.32 0.19 
DAC vs. non-DAC (1) 5033** 0.26* 0.31* 
Low vs. 9ppm Bg (1) 31 0.03 0 
2.57. DAC vs. 4.5% DAC (1) 4241** 1.04** 0.07 
3ppm B, vs. 9ppm B^  
at 2.5% DAC 
(1) 50 0.19 0.05 
3ppm Bg vs. 9ppm Bg 
at 4.5% DAC 
(1) 3591** 0.06 0.50** 
Replication 18 473 0.08 0.03 
Period (P) 3 16264** 23.73** 4.42** 
T X P 15 448 0.08 0.06 
Error 95 327 0.06 0.07 
P^robability 0.05 or less here and throughout. 
P^robability 0.01 or less here and throughout. 
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Table 19, Analysis of variance of weight gain, feed consumption, and 
feed efficiency - Experiment 2 
Source d.f. M.S. 
Weight Fèed/bird Feed 
gain/bird /day efficiency 
Vitamin (A) 1 0 5.4 0.04 
Protein (B) 2 12973 408.4 1.77 
DAC vs. non-DAC (1) 8784** 200.1** 3.53** 
3% vs. 67. DAC (1) 17161** 616.7** 0.01 
Bg X protein (A x B) 2 182 1.1 3.49** 
Error (a) 12 125 10.0 0.18 
Period (P) 2 461 1200.2 6.54 
linear (1) 910** 232.0** 11.49** 
quadratic (1) 11 94.0** 1.60** 
A X P 2 74 3.7 0.08 
B X P 4 8 12** 69.8** 0.28 
A X B X P 4 1)7 3.4 0.38* 
Error (b) 24 76 3.3 0.12 
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Table 20. Analysis of variance of nitrogen retention, protein intake, 
protein retained, and g, gain per g. nitrogen retained -
Experiment 2 
M.S. 
Source d.f. Nitrogen Protein Protein g gain/g N 
retention intake retained retained 
Vitamin (A) I 249** 0.21 1.71 15.57 
Protein (B) 2 556 5.75 3.54 284.46 
DAC vs. non-DAC (1) 1000** 3.46* 0.18 296.68** 
3% vs. 6% DAC (1) 111* 8.03** 6.91** 272.25** 
Bg X protein (A x B) 2 271** 0.37 0.77 12.57 
Error (a) 12 20 0.50 0.46 4.94 
Period (P) 2 142 47.33 33.87 400.57 
linear (I) 103** 9.06** 62.04** 658.78** 
quadratic (1) 182** 4.12** 5.70** 142.37** 
A X P 2 8 0.14 0.04 0.13 
B x P 4 56* 2.04** 0.52** 2.60 
A X B X P 4 103** 0.13 0.44** 18.21** 
Error (b) 24 16 0.15 0.11 4.03 
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Table 21. Analysis of variance of S-GOT and serum nitrogen - Experiment 2 
Source d.f. M.S. 
S-GOT Serum nitrogen 
Vitamin (A) 1 29.63 0.70 
Protein (B) 2 1750.80 10.20 
DAG vs. non-DAG (1) 31.15 10.40* 
3% vs. 67, DAG (1) 386.78 10.00* 
Bg X protein 2 7764.67** 4.60 
Error (a) 12 1041.00 1.50 
Period (P) 2 4628.48 3.90 
linear (1) 8804.60** 0.78 
quadratic (1) 452.20 0 
A X P 2 477.24 3.0 
B X P 4 915.68 4.6 * 
A X B X P 4 978.13 0.4 
Error (b) 24 519.91 1.5 
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Table 22. Analysis of variance of weight gain and feed efficiency 
of growing pullets - Experiment 3 
Source d.f. M.S. 
Weight gain Feed efficiency 
Protein type (A) 2 3609 6.64 
DAC, urea vs. soymeal (1) 6808* 13.3 
DAC vs. urea (1) 411 0 
Protein level (B) 1 171 0.3 
A X B 2 1460 4.5 
Error (à) 24 1061 4.0 
Period (P) 2 98789 130.0 
linear (1) 143055** 212.1** 
quadratic (1) 54487** 47.4** 
A'x P 4 363 1.2 
B X P 2 514 0.7 
A X B X P 4 724 3.3 
Error (b) 48 384 2.8 
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Table 23. Analysis of variance of weight gain and feed consumption -
Experiment 3 
Source d.f. M.S. 
Weight Feed/ Feed/kg 
gain hen/day of eggs 
Protein type (A) 2 8527 2739 1.1 
DAC, urea vs. soymeal (1) 15860** 4279** 2.2* 
DAC vs. urea (1) 1193 1070 0 
Protein level (B) 1 691 163 0.1 
A X B 2 3680 427 0.1 
Error (a) 24 1712 252 0.4 
Period (P) 3 324753 3325 5.1 
linear (1) 12029 4889** 10.4** 
quadratic (1) 375502** 1020** 4.3** 
A X P 6 5489 240* 0.1 
B X P . 3 5271 7 0.1 
A X B X P 6 1854 90 0.1 
Error (b) 72 4268 65 0.3 
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Table 24. Analysis of variance of egg weight and egg production -
Experiment 3 
d.f. M.S. 
Source Egg weight Egg production 
Protein type (A) 2 79.4 2360 
DAC; urea vs. soymeal (1) 154.0** 3619** 
DAG vs. urea (1) 4.9 1102 
Protein level (B) 1 0.7 17 
A X B 2 2.6 355 
Error (a) 24 8.8 259 
Period (P) 3 329.8 2077 
linear (1) 949.1** 3387** 
quadratic (1) 35.5** 2070** 
A X P 6 4.1 59 
B X P 3 0.9 30 
A X B X P 6 0.7 40 
Error (b) 72 2.7 93 
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Table 25, Analysis of variance of serum nitrogen, NPN, protein 
nitrogen, and uric acid - Experiment 3 
Source d.f, M.S. 
Nitrogen NPN Protein Uric 
nitrogen acid 
Protein type (A) 2 22232 31.5 20612 10.4 
DAC, urea vs. soymeal (1) 36053** 42.0 33634** 4.6 
DAC vs. urea (1) 8410 21.0 7590 16.26 
Protein level (B) 1 9627 41.7 10935 0.6 
A X B 2 10821* 34.5 11673 0.8 
Error (a) 24 2902 23.1 3093 8.0 
Period (P) 1 8640 209.1**11537 12.1 
A X P 2 9065 53.5 10314 8.6 
B X P 1 107 0.3 118 0.1 
A X B X P 2 648/ 17.9 6579 2.0 
Error (b) 24 6390 18.5 6407 5.7 
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Table 26. Analysis of variance of .weight gain and feed consumption -
Experiment 4 
Source d.f. M.S. 
Weight Feed/ Feed/kg. 
gain hen/day of eggs 
Protein type (A) 2 15844 1226 3.9 
DAC, urea vs. soymeal (1) 28847** 2066** 7.9** 
DAC vs. urea (1) 609 388 0.1 
Protein level (B) 1 1680 508 0.6 
A X B 2 161 134 1.4* 
Error (a) 24 1758 130 0.4 
Period (P) 3 144888 355 0.5 
linear (1) 297158** 582** 1.2** 
quadratic (1) 6089 426** 0.3 
A X P . 6 15265** 463** 0.1 
B X P 3 697 2 0.1 
A X B X P 6 1061 26 0.1 
Error (b) 72 197 i 19 0.1 
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Table 27. Analysis of variance of egg weight and egg production -
Experiment 4 
Source M.S. 
d.f. Egg weight Egg production 
Protein type (A) 2 103.0 3089 
DAC; urea vs. soymeal (1) 206.1** 5704** 
DAC vs. urea (1) 0 471 
Protein level (B) 1 75.2* 198 
A X B 2 2.0 936* 
Error (a) 24 15.7 242 
Period (P) 3 129.6 373 
linear (1) 386.4** 1078** 
quadratic (1) 2.0 1 
A X P 6 4.8 161 
B X P 3 2.1 13 
A X B X P 6 2.3 100 
Error (b) 72 3.3 57 
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Table 28. Analysis of variance of Haugh Unit and shell thickness -
Experiment 4 
Source d.f, M.S. 
Haugh Unit Shell thickness 
Protein type (A) 2 6.0 2.1 
Protein level (B) 1 19.3 0.1 
A X B 2 28.8 5.3 
Error (a) 24 27.1 3.7 
Period (P) 1 1008,6** 614.4** 
A X P 2 19.9 5.4 
B X P 1 52.3 0.1 
A X B X P 2 52.7 6.7 
Error (b) 24 23.0 3.3 
Table 29, Analysis of variance of serum nitrogen, NPN, protein 
nitrogen, and uric acid - Experiment 4 
Source d.f. M.S. 




Protein type (T) 2 13114 13.4 12369 1.7 
DAC, urea vs. soymeal (1) 2)917** 26.6* 24442** 2.1 
DAC vs. urea (1) 312 0.2 297 1.4 
Protein level (L) 1 24027** 2.7 23297** 0.0 
T X L 2 3706 7.9 3544 0.4 




Determination of chromium oxide 
The method used for chromium oxide determination was that described 
by Czanockl ^  (1961), 
Reagents 1) Concentrated nitric acid; 2) digestion mixture: 
ten grams of sodium molybdate was dissolved in 150 ml. of distilled water, 
and 150 ml. of concentrated sulfuric acid was added slowly while the 
solution was cooled in an ice bath. Slowly, and with frequent stirring, 
200 ml. of 70% perchloric acid was added to the mixture. 
Procedure A sample of dried excreta containing approximately 
10 mg. of chromium oxide (Cr^ O^ ) was placed in a 100 ml. Kjeldahl flask 
containing 10 ml, of concentrated nitric acid and left overnight. Using 
a microburner, the sample was heated to dryness. Digestion was done by 
adding 15 ml, of digestion mixture and digesting over an open flame until 
the green color changed to yellow or red. This was continued for 20 
minutes to insure constant acidity and maximum color development. The 
sample was diluted to 500 ml, with distilled water in a volumetric flask 
and allowed to stand overnight. The optical density was read at 350 mu 
in the spectrophotometer (Spectronlc-20) and compared with the standard. 
A standard curve was prepared following the above procedure by plotting 
optical density against different chromium oxide concentrations. 
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Determination of creatine and creatinine 
The analytical procedure was that developed by Richardson (1959) 
with slight modification. 
Reagents 1) 0.75N sodium hydroxide; 2) saturated picric acid -
11.7 g. picric acid was diluted to 1 liter with distilled water; 
3) sodium picrate buffer - 1 liter of 1.177. picric acid solution was 
adjusted to pH 3.0 + 0.05 with 2N sodium hydroxide; 4) creatinine 
standard - 0.16 g. of creatinine zinc chloride in 1 liter of O.IN 
hydrochloric acid. This contains 0.1 mg. of creatinine per ml. 
5) 30% trichloroacetic acid solution. 
Procedure Ten milliliters of blended excreta were placed in a 
centrifuge tube with L ml. of 30% trichloroacetic acid. The solution was 
mixed and centrlfuged at 1500 rpm for 20 minutes. The supernatant was 
placed into a 100 ml. volumetric flask and diluted to volume with dis­
tilled water. Five milliliters of this solution were placed .in a test 
tube with 2 ml. of picrate buffer. At this stage, a duplicate of each 
sample was placed in the autoclave for 45 minutes at 20 pounds pressure 
to convert creatine to creatinine. After the autoclaved samples had 
cooled, 2 ml. of 0.75H sodium hydroxide were added to all samples and 
diluted to 10 ml. with distilled water. A blank was prepared by substi­
tuting distilled water for the diluted excreta and determinations were 
matched against a standard creatinine solution. Optical density readings 
were obtained with the Beckman model DU spectrophotometer at 495 mu 
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wavelength. The creatine content of the excreta was computed as the 
difference between the total crt atine-creatinine as determined on the 
autoclaved samples and creatinine levels. 
Determination of ammonia and ur aa 
The micro-diffusion method of Conway as described by Hawk et al. 
(1954) was used for ammonia and urea analyses. 
Reagents 1) 55% potassium carbonate; 2) 0.IN sulfuric acid; 
3) Nessler's reagent (Koch and McMeekiii); 4) phosphate buffer - 6.9 g. 
of acid potassium phosphate and 17.9 g. of d:i sodium phosphate dissolved 
in distilled water and brought to 1 liter volume; 5) Urease was obtained 
from Nutritional Biochemical Co.; and 6) ammonia standard - 0.149 g. 
of ammonium sulfate was dissolved in 1 ml. oT concentrated sulfuric acid 
and diluted to 100 ml. with boiled distilled water. This contains 0.5 
mg. ammonia/ml. 
Procedure Ten milliliters of excreta were placed in a 100 ml. 
volumetric flask and diluted to volume with distilled water. One milli­
liter of O.IN sulfuric acid was placed in the center well of a Conway 
microdiffusion cell, and 2 ml. of potassium carbonate, together with 1 ml. 
of the diluted sample, were added to the outer well. The cells were 
covered and the entire cell was agitated gently to mix the contents of 
the outer well. After 90 minutes, the contents of the center well plus 
washings were transferred to a 50 ml. volumetric flask. After adding 20 
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to 30 ml. of distilled water to each flask, 2 ml. of Nessler's reagent 
were transferred to the flask and then diluted to volume with distilled 
water. One milliliter of O.IN sulfuric acid was placed in the center 
well of a Conway microdiffusion cell, and 2 ml. of potassium carbonate, 
together with 1 ml. of the diluted sample, were added to the outer well. 
The cells were covered and the entire cell was agitated gently to mix 
the contents of the outer well. After 90 minutes, the contents of the 
center well plus washings were transfeired to a 50 ml, volumetric flask. 
After adding 20 to 30 ml. of distilled water to each flask, 2 ml. of 
Nessler's reagent were transferred to the flask and then diluted to 
volume with distilled water. Optical density was measured at 420 mu 
in a Beckman DU spectrophotometer and Matched against the curve prepared 
by standard ammonia solutions. The blank was prepared by following the 
above procedure substituting 1 ml, of distilled water in place of diluted 
excreta. 
Urea analysis was performed in the same manner except after adding 
potassium carbonate to the diluted excreta, 1 ml. of urease was added 
to the sample in the outer well. Twenty minutes were allowed for complete 
change of urea to ammonia. The amount of ammonia originating from urea 
was calculated as being equal to the difference between urinary ammonia 
and the total ammonia coming from urea and urinary ammonia. 
Determination of liver xanthine dehydrogenase 
Xanthine dehydrogenase was determined as described by Strittmatter 
(1965). The method was modified and adapted for use in this laboratory. 
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Reagents 1) Buffer A - 0,5M solution of potassium phosphate di­
basic and potassium phosphate monobasic (pH 7.0). To a liter of this 
buffer 10 ml. of O.OOIM EDl'A was added; 2) Buffer B - 0.03M solutions 
of potassium phosphate dibasic and potassium phosphate monobasic (pH 7.5); 
3) 0.0067M NAD; and 4) 2.7 x 10'^  xanthine - a solution of xanthine-
buffer was prepared by mixing 30 ml. of xanthine to 230 ml. of buffer B. 
Procedure Approximately 3.0 to 3.5 g, of quick-frozen liver was 
diluted with 9 volumes of ice-cold buffer A. The liver samples were 
homogenized in a Potter-Elvehjem homogenizer for 60 seconds using 13-16 
strokes. The homogenate was then centrifuged at 11,000 rpm for 30 
minutes in a refrigerated centrifuge (0°). Supernatant was used for 
sample reading. Xanthine dehydrogenase was assayed by increase of ab-
sorbance at 290 mu as uric acid was formed in 0.03M phosphate buffer, 
pH 7.5, with 2.7 x 10"% xanthine as substrate and 6.7 x lO'^ M NAD as 
electron acceptor. Activities were calculated from a period of linear 
absorbance change, usually, 3 to 8 minutes after addition of enzyme. 
Absorbance change was also recorded in control cuvettes as above with 0.1 
ml. buffer B replacing the 0.1 ml. supernatant. Xanthine dehydrogenase 
was calculated using the following formula; 
A E'V'DF 
uric acid formed/g. tissue/min. = 
10 'C'd'V 
d - length of light path of cuvette, 1 cm. 
V - volume of the solution in the cuvette, 3.00 ml. 
V - volume of sample, 0,1 ml, 
AE - change in absorbance/min, 
DF - dilution factor, 10, , 
(f - uric acid extinction coefficient, 11,5 x 10 cm. at 283 and pH 1. 
